The purpose of the study was to investigate the effect of extraction conditions to determine anthocyanin compounds in strawberry fruit. Anthocyanin profile of this fruit were determined via high-performance liquid chromatography-electrospray ionization-mass spectrometry. Flow rate of mobile phase, fragmentor potential, injection volume, and column temperature were applied to be optimum values as 0.5 mL min −1
Introduction
The basic structures of the anthocyanins are the anthocyanidins, and if anthocyanidins are found in the form of glycoside, they are identified as anthocyanins. [1] Anthocyanins are naturally occurring polyphenol compounds which give orange, red, purple, and blue colour to many fruits, vegetables, grains, flowers, and plants. In recent years, there has been increasing interest in anthocyanin pigments owing to their potential use as natural food colouring and also association with a protective effect against many chronic diseases. [2] As stated in the literature, these compounds can increase flexibility of the collagen fibres in blood vessel walls, making the structure more firm and preventing cholesterol from accumulating and hardening. It is also recommended that it aids to prevent cardiovascular diseases and cancers, sustains normal circulation of the human blood system, and both prevents type II diabetes and regulate blood sugar concentration in diabetic patients. [3] The amount of anthocyanin in ripe fruits changes depending on especially temperature, light, and climatic factors. [4] [5] [6] Glycosylation of anthocyanidins generally takes place at the 3-position with glucose, arabinose, and galactose, the most common sugar moieties. Therefore, the most common anthocyanins in fruit contain cyanidin-3-glucoside, delphinidin-3-glucoside, peonidin-3-glucoside, pelargonidin-3-glucoside, and petunidin-3-glucoside, cyanidin 3-galactoside, cyanidin 3-arabinoside plus the single diglycoside cyanidin 3-rutinoside. Cyanidin 3-glucoside is the most abundant one in fruits and plants. Unlike this compound, other anthocyanins have limited distribution.
Strawberry plays a role in metabolic syndrome and reduces the levels of specific biomarkers associated with cardiovascular disease, glycaemia, controlling the body's energy metabolism, antitumor activity in oesophageal, lung and colon cancer, and reducing mental decline. [7, 8] Extraction is one of the most important steps in isolation, determination, and use of anthocyanins. [9] The regaining of anthocyanins is usually accomplished via a solvent-extraction procedure. In this procedure, solvent type, solvent concentration, liquid-to-solid ratio, temperature, and time are significant factors to be optimized. [2, 10] In the present study, the contents of anthocyanin compounds in strawberry fruit were examined. For this aim, the effects of solvent type, extraction time, and liquid:solid ratio (v:w) were explored so as to determine the anthocyanin contents in strawberry. Anthocyanin contents in this fruit were analysed via high-performance liquid chromatography-electrospray ionization-mass spectrometry (HPLC-ESI-MS). Anthocyanin contents of this fruit were determined qualitatively and quantitatively.
Materials and method

Reagents and standards
Acetone, acetonitrile, methanol, ethanol, and formic acid were purchased from Sigma (Germany). Hydrochloric acid was purchased from Merck (Darmstadt, Germany). Delphinidin-3-o-glucoside, cyanidin-3-o-glucoside, pelargonidin-3-o-glucoside, and malvidin-3-o-glucoside standards were obtained from Extrasynthese (Genay, France) as chloride salts. All used solvents were in HPLC grade, and other used chemicals were of analytical grade. Ultrapure water was obtained from water purification system (Millipore Direct Q). Stock solutions of anthocyanins (500 mg L −1 ) were prepared with 0.1% HCl in methanol, and standard solutions were freshly prepared from these stock solutions in every week and stored in dark at −20°C. These standard solutions were used for calibration curve.
Apparatus
For quantitative and qualitative analyses of delphinidin-3-o-glucoside, cyanidin-3-o-glucoside, pelargonidin-3-o-glucoside, and malvidin-3-o-glucoside, standards were used by Agilent 1200 HPLC-MS system. General structures of these anthocyanins are presented in Figure 1 . The HPLC-ESI-MS system consists of an autosampler, a binary pump, a temperature-controlled column oven, coupled to an Agilent 1200 LC/Quadrupole 6110 MS detector operated in selected ion monitoring and full ion scanning (SCAN) mode equipped with ESI source. C18-HPLC column was used. A binary gradient elution was performed.
Sample preparation
Strawberries, which were grown in Elazig, were purchased from different local markets of Elazig, Turkey, during their harvesting season in 2011. These samples were washed firstly using tap water then with deionized water. After that, the samples were put in plastic bags, passed through nitrogen gas, and preserved in darkness in freezer at −20°C until the time of analysis.
Analytical procedure
Deep-frozen strawberries were thawed and ground with a domestic mixer to obtain a homogeneous mixture. About 5 g of strawberry samples were weighed out in triplicates and extracted at room temperature with acidified solvents. The extracts were transferred to screw-cap centrifuged tubes and centrifuged at 4000 rpm for 10 min. Then, the supernatants were carefully taken and filtered through 0.45 µm injection filter. Final solutions were analysed by HPLC-ESI-MS. Solvent type, extraction time, and liquid:solid radio (v:w) were examined for quantitative and qualitative analyses of anthocyanins in strawberry. When a parameter was tested, optimum values of other parameters were used. When the optimum parameter was determined, the parameter that yielded the highest amount of anthocyanin was used.
Firstly, solvent type was examined for identification of anthocyanins in strawberry. Different solvents such as water, acetone, acetonitrile, methanol, and ethanol were acidified with 0.1% HCl and added 10 mL of these solutions to each sample. The analytical procedures were performed. The obtained final solutions were analysed by HPLC-ESI-MS, and the chromatograms of anthocyanins were recorded by using different acidified solvents to examine the effect of solvent on the content of anthocyanins and determined the best solvent type.
Secondly, different extraction times such as 0, 30, 60, 120, and 240 min were investigated. The analytical procedure was performed. The obtained final solutions were analysed by HPLC-ESI-MS, and the chromatograms of anthocyanins were recorded by using different extraction times to examine the effect of solvent on the content of anthocyanins and determined the best extraction time.
Finally, liquid:solid ratio (v:w) was studied. Different liquid:solid ratios (v:w) of ideal acidified solvent such as 1:1, 2:1, 4:1, 6:1, 8:1, and 10:1 were studied. The analytical procedure was performed. The obtained final solutions were analysed by HPLC-ESI-MS, and the chromatograms of anthocyanins were recorded by using different liquid:solid ratio (v:w) to examine the effect of solvent on the content of anthocyanins and determined the best liquid:solid ratio (v:w).
HPLC-ESI-MS analysis of anthocyanins
Identification and quantification of anthocyanins were performed on an Agilent 1200 LC/Quadrupole 6110 MS system. The analysis of anthocyanins in strawberry extracts was performed by an established optimum procedure as described by Karaaslan and Yaman. [11] The analytical column employed was an Inertsil ODS-3 C18 (4.0 × 150 mm, particle size, 3 µm). The temperature of the column oven was 30°C. Flow rate was , injection volume was 5 µL for all samples, and a binary gradient elution was performed. Table 1 presents the applied HPLC-ESI-MS conditions. Gradient elution was performed using 10% formic acid (mobile phase A) and 100% methanol (mobile phase B) as follows: linear gradient from 95% A/5% B to 60% A/40% B, 0-20 min; linear gradient from 60% A/40% B to 0% A/100% B, 20-25 min.
Results and discussion
The examination of the extraction conditions is one of the important steps in the use of, isolation, and identification of anthocyanins content in fruits. [9] The solvent extraction is a commonly used method for extraction of various compounds found in fruits. [1] Similar to flavonoids, anthocyanins consist of aromatic rings having polar substituent groups (hydroxyl, carboxyl, and methoxyl) and glucosil residues, all of which causes the molecule to be polar. [12] [13] [14] Aglycones are extracted with alcohols or alcohol-water mixtures since flavonoid glycosides are more polar. Anthocyanins are extracted with cold acidified solvents such as polar organic solvents, water under mild conditions. [15] Methanol is a commonly used organic solvent for the extraction of these compounds, but acetone, ethanol, and acetonitrile can be also used. [2] From these organic solvents, methanol is the most efficient for extraction. 3-monoside anthocyanins in the glycoside bonds are destroyed in strong acidic media and so it must be avoided during extraction. [16] The recovery of anthocyanins should be investigated in extraction conditions. Extraction conditions such as solvent type, solvent concentration, liquid-to-solid ratio, temperature, and time are important parameters should be optimized. [1, 17, 18] In this study, extraction conditions such as solvent type, extraction time, and solvent:solid ratio (v:w) were examined for the determination of anthocyanin contents in strawberry. When a parameter was tested, optimum values of other parameters were used. Firstly, solvent type, an important factor in extraction procedure, was investigated. Strawberry samples were extracted with acidified water, acidified acetone, acidified acetonitrile, acidified methanol, and acidified ethanol to examine the effect of solvent on the content of anthocyanins. In Figure 2 , typical chromatograms obtained by different acidified solvents were given. According to the results, anthocyanin contents were found as maximum in acidified methanol. Therefore, acidified methanol was chosen as extraction solvent. Secondly, extraction time, another important factor in extraction procedure, was examined. For this purpose, strawberry samples were mixed at room temperature for 0, 30, 60, 120, and 240 min. In Figure 3 Figure 4 . From the obtained results, anthocyanin contents were found as maximum in 1:1 liquid:solid ratio (v:w). Therefore, it was selected as the optimum ratio for liquid:solvent (v:w). Consequently, the optimum extraction conditions of solvent type, extraction Nebulizer pressure 30 psi time, and liquid:solid ratio (v:w) for strawberry fruit were found as acidified methanol, 30 min and 1:1 (v:w), respectively. All chromotograms presented in this study indicated that anthocyanin content in strawberry changes with changing extraction conditions. A typical chromatogram that belongs to standard solutions of anthocyanins was given in Figure 5a . The results showed that this method was adequate and appropriate for the anthocyanin analysis in strawberry. Example of a typical chromatogram obtained under optimum extraction conditions and optimum HPLC-ESI-MS parameters of strawberry extracts was given in Figure 5b . Each data is the mean value of the three parallel portions of the same sample. The content of ), and pelargonidin-3-o-glucoside varied from 39 ± 6.0 mg kg −1 to 64.0 ± 9.0 mg kg −1 (average 50 ± 7.5 mg kg −1 ) for strawberry on the basis of wet weight. The recovery of the method was investigated by standard addition method for strawberry. [19] For this aim, a proper amount of stock delphinidin-3-o-glucoside, cyanidin-3-o-glucoside, pelargonidin-3-o-glucoside, and malvidin-3-o-glucoside solutions was added to each strawberry extract prior to HPLC-ESI-MS analysis. Then, their chromatograms were obtained at the optimum conditions ( Figure 6 ). Validation of the method was achieved by determination of the recovery during standard addition. Furthermore, the slope of calibration curves was compared with the slopes obtained by the standard addition method. Since the slopes of calibration curve and standard addition method were identical, it was concluded that the calibration curve could be used for the quantitative analysis. Furthermore, the recoveries at different anthocyanins levels were calculated from the results of standard addition method. The recoveries were found to be at least 90%. Positive mode of HPLC-ESI-MS was performed to identify the anthocyanins in glycoside form. The obtained mass spectrums under optimum conditions for standards solutions of anthocyanins such as delphinidin-3-o-glucoside, cyanidin-3-o-glucoside, pelargonidin-3-o-glucoside, and malvidin-3-o-glucoside were evaluated. The results were observed as a main peak, isomer of a main peak, and fragment ions of the main peak. Glucoside and aglycone forms of anthocyanins were attributed to the characteristic peaks. Anthocyanin compounds in fruits are usually glucoside form. Main peak, fragment ions, and retention time of the studied anthocyanin compounds are given in Table 2 . In Table 2 + at m/z 331.0, respectively. Kelebek and Selli [20] evaluated the phenolic compositions and antioxidant capacities of strawberry cultivars (Camarosa, Seyhun, Osmanli) which were grown in Turkey. Organic acids and phenolic compounds in strawberry cultivars were examined via HPLC coupled with diode array and coulometric array detectors. They were determined to be cyanidin-3-glucoside, cyanidin-3-rutinoside, pelargonidin-3-glucoside, pelargonidin-3-rutinoside, pelargonidin-3-malonyl-glu, and pelargonidin-3-acetyl-glu for three strawberry cultivars from anthocyanin compounds. The obtained results for cyanidin-3-glucoside and pelargonidin-3-glucoside contents were found ranging from 1.13 ± 0.02 mg/100 g to 4.37 ± 0.05 mg/100 g of fresh weight (fw) and 4.29 ± 0.10 mg/100 g to 36.58 ± 0.60 mg/100 g of fw. In our study, cyanidin-3-o-glucoside and pelargonidin-3-o-glucoside for strawberry were found as average 4.2 ± 0.5 mg kg −1 and 50 ± 7.5 mg kg −1 , respectively. Donno et al. [21] determined the antioxidant profiles in currant and strawberries by HPLC-DAD/MS. For this aim, they analysed five strawberry cultivars. They identified four major anthocyanins: cyanidin-3-glucoside, pelargonidin-3-glucoside, pelargonidin-3-rutinoside, and pelargonidin-3-acetylglucoside in five strawberry selections. Cyanidin-3-glucoside, pelargonidin-3-glucoside, pelargonidin-3-rutinoside, and pelargonidin-3-acetylglucoside were found ranging from 0.65 ± 0.04 mg/100 g to 1.47 ± 0.09 mg/100 g of fw, 10.40 ± 0.07 mg/100 g to 24.39 ± 1.08 mg/100 g of fw, 0.42 ± 0.03 mg/100 g to 2.35 ± 0.21 mg/100 g of fw, and not detection (nd) to 6.40 ± 0.28 mg/ 100 g of fw, respectively. Pelargonidin-3-glucoside was the predominant compound in the strawberries, and this was followed by pelargonidin-3-acetylglucoside, pelargonidin-3-rutinoside, and cyanidin-3-glucoside. In our study, dominant anthocyanin for strawberry was pelargonidin-3-o-glucoside. Kawanobu et al. [22] studied the identification and distribution of anthocyanins in strawberry cultivars. From the obtained results, major anthocyanins cyanidin-3-glucoside, pelargonidin-3-glucoside, and pelargonidin-3-malonylglucoside were identified. Pliszka et al. [23] investigated the effect of extraction on the content of anthocyanins and bioelements in berry fruit such as chokeberry, black currant, strawberry, and bilberry. They compared using two methods: extraction with hydrochloric acid (method A) and extraction with water (method B) to anthocyanins and bioelements contents in fruit. The obtained results were determined to be 85.335 mg/100g for method A and 37.315 mg/ 100 g for method B. Boeing et al. [24] studied the solvent effect on the extraction of phenolic compounds and antioxidant capacities of berries. For this aim, they used different rates of three different organic solvents (methanol, ethanol, and acetone) and distilled water for extraction. The best anthocyanin content was found in methanol/water/acetic acid (70:29.5:0.5, v/v/v). In the literature, fruits, vegetables, and other foodstuffs are used in different solvent combinations for extraction. For extracting phenolic compounds, the most widely used solvents are water, ethanol, methanol, acetone, and their water mixtures, with or without acid. [25] [26] [27] [28] In our study, anthocyanin contents of strawberry fruit were investigated for five different solvent types. The best anthocyanin content was found in acidified methanol. Fernandes et al. [29] carried out phenolic composition and antioxidant properties in strawberry samples from organic farming and integrated pest management. In this study, HPLC-DAD/MS was used to analyse anthocyanin compounds in strawberry extracts. They identified a total of three major anthocyanin compounds: cyanidin-3-glucoside, pelargonidin-3-glucoside, and pelargonidin-3-rutinoside and they were provided mass data. Cyanidin-3-glucoside, pelargonidin-3-glucoside, and pelargonidin-3-rutinoside were identified [M] + at m/z 449 with a major ion fragment at m/z 287 (loss of hexosyl residue), [M] + at m/z 433 with a major ion fragment at m/z 271 (loss of a hexosyl residue), and [M] + at m/z 579 with two major fragments at m/z 433 and m/z 271, respectively. In our study, cyanidin (Table 2) . Consequently, when our study was compared with other studies in the literature, anthocyanin contents in strawberry were found in the range of reported values. In addition, the compounds of the defined anthocyanins are compatible with literature. In our study, the effects of extraction conditions for the determination of anthocyanins contents in strawberry were investigated. The similar studies related to this fruit is limited in literature.
Conclusion
In the current study, the effect of extraction conditions was investigated in order to examine delphinidin-3-o-glucoside, cyanidin-3-o-glucoside, pelargonidin-3-o-glucoside, and malvidin-3-o-glucoside in strawberry. Anthocyanin content was determined by HPLC-ESI-MS. The applied HPLC-ESI-MS conditions were 0.5 mL min −1 for flow rate of mobile phase, 110 V for fragmentor potential, 5 µL for injection volume, and 30°C for column temperature for these anthocyanin compounds. In order to determine the anthocyanin content in strawberry, three different extraction conditions including solvent type, extraction time, and liquid:solid ratio (v:w) were investigated. According to the results, the best extraction conditions were found to be acidified methanol as solvent, 30 min as extraction time, and 1:1 (v:w) as liquid:solid ratio for these fruit. The best extraction conditions were successfully applied to determine quantitative and qualitative analyses of delphinidin-3-o-glucoside, cyanidin-3-o-glucoside, pelargonidin-3-o-glucoside, and malvidin-3-o-glucoside in strawberry.
